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@ Microwave Interactive coating compositions and heating elements. 

© A microwave interactive coating composition and microwave reactive paper and paperboard heaters 
comprising the coating composition are disclosed. The coating compositions which comprise finely divided 
carbon, a finely divided microwave reactive metallic component, a powdered inert solid and a binder are capable 
of producing microwave reactive heaters comparable to those produced by vapor deposition of metals on a 
carrier film. 
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MICROWAVE INTERACTIVE COATING COMPOSITIONS AND HEATING ELEMENTS 

interims EE S^Z^ int6raCtiVe COatlng «n»«»on. and to microwave 

TtaXvlS ^ 9 n f em H ents ^ m P r,sin 9 a mtcrowave transparent substrate coated with such compositions 
The cooking of food and heating of other microwave interactive substances by microwave rad^nn h« 

cakes, or the l.ke may be accomplished only by means of special packages or utensils 

On« r rl n , T b6en attem P ted in tne P ri ° r art to overcome the browning and crisping problems 

InrLn e T ,t,0n Pr0C6SS d0SS " 0t readHy ,6nd itSe,f to coati "9 «*c^ ^eafof tne S , the 
T^oZlZ ym9 am ° UntS ° f meta ' PartideS " meta,,i2ed COat ^ to selected areas o? the finished 

Sl er meth ° dS ° f f0fmin9 microwave ^ponsive heating elements involve dispersing particles which 
are lossy microwave energy absorbers, e.g. carbon, metals, and metal alloys, in STnT 
sheet o, -laminate comprising the dispersed particles. Turpin, U.S. Patent I^TiS^^SiSl 
whteh compnse a layer of particulate lossy materials, e.g. carbon, iron and various metal eSd^^S? 

thermoplastic dielectric matrix on a dielectric substrate. • 



30 



SUMMARY OF THE INVENTION 



35 



40 



45 



SO 



n . ™ 6 p ' esent inventlon P rovides a » improved microwave interactive composition which may be coated or 
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be pnnted in various coating patterns and coating thicknesses using conventional printing or coatfnn 
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DESCRIPTION OF THE DRAWING 



Fig. 1 of the drawing illustrates graphically the heating response obtained with heating elements 
5 produced from a preferred embodiment of the microwave interactive composition of this invention. 

Fig. 2 of the drawing illustrates graphically the performance of heating elements produced from our 
preferred compositions by printing the coating onto paper with a rotogravure printing process as compared 
with a heater produced by conventional vapor deposition of aluminum on polyester film and laminated to 
paper or paperboard. 

w 

DETAILED DESCRIPTION OF THE INVENTION 



Microwave reactive materials (MRM) are capable of converting microwave energy to heat. The 

15 microwave reactive materials included within the scope of this invention are carbon in the form of carbon 
black or graphite, and a finely divided metal component, e.g. aluminum, tin, bronze, nickel, and the like, 
which are conductive or semiconductive or ferromagnetic materials capable of converting microwave 
radiation energy to heat. The inert powdered solid temperature moderators suitable for use in these 
formulations include clays (e.g. kaolin and English china clays, alumina, alumina hydrate (aluminum 

20 hydroxide), aluminosilicates, silica, calcium carbonate, titanium dioxide, and the like. The temperature 
moderator should be essentially inert and substantially unresponsive or only mildly responsive to microwave 
radiation. Preferred binders comprise synthetic resins in a suitable vehicle; especially preferred binders 
include polymer latex formulations marketed for this purpose. 

The relative proportions by weight of carbon to metal in the composition may be within the range of 

25 from about 1:2 to about 2:1 with a preferred range of from about 1:1.5 to 1.5:1. The preferred ratio of carbon 
black to aluminum flake is about 0.6. The content of the inert temperature moderator ingredient, e.g. clay, in 
the composition may range from about 10 percent by weight of the total (dry basis) weight to about 35 
percent. As the content of the temperature moderator is increased it is possible to produce heaters with 
increasingly higher temperature responses with a heat absorbent load without experiencing ignition of the 

30 paper or paperboard substrate when placed in a microwave oven without a load. A load is defined herein as 
the food, water, or other material normally present during microwave exposure. The relative proportions of 
binder solids to the remaining solids making up the coating may be in the range of from about 0.3:1 to 1:1. 
However, as the binder level is increased, the temperature response of the microwave interactive coating is 
reduced significantly, both with and without a load. It is preferred to use only enough binder to adequately 

35 bond the coating pigments (the other solids) to the substrate. With paper or polyester film as the substrate, 
a binder solids content in the range of form about 30 to about 40 weight percent of the total coating is 
preferred. While latex formulations are preferred as binders, a non-aqueous solvent formulation with a 
binder, such as the product marketed by Morton Chemical Company under the trade name Morez 100, also 
has been found suitable for use. 

40 As illustrated in the specific examples in this patent application, the type and amount of microwave 
reactive materials contained in the coating composition largely determines the degree of interaction with the 
microwaves and hence the amount of heating generated. In a preferred embodiment of this invention, the 
amount of heat generated is a function of the relative proportion of the coating components and the 
thickness of the coating on the substrate. 

45 In a preferred embodiment of this invention the microwave reactive material is carbon combined with a 

metal component. Various metals, metal alloys, and metal compounds in fine particle form are known 
microwave reactive materials. Microwave reactive metals preferred in this invention include aluminum, iron, 
nickel, copper, tin, and silver. The metal component may be in powder form, flake form or any other finely 
divided form suitable for use in coating and printing processes. 

so In the preferred embodiment of this invention, the microwave reactive material is one which is suitable 
for use in food packaging and is normally separated from contact with the food by paper or paperboard or 
by a thermally stable film, e.g. a biaxially oriented polyethylene terephthalate. 

It is preferred that the reactive composition demonstrate rapid heating to a desired temperature, with 
subsequent leveling off of the temperature, and without igniting or destroying the substrate upon exposure 

55 to microwave radiation in the absence of a load. The temperature at which the microwave reaction material 
levels off is hereinafter referred to as the operating temperature. Generally, the microwave reactive material 
will operate at a temperature ranging from about 275° to about 480* F. 

The microwave reactive components and inert material are combined with a binder to form a coating 
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mermai resistance and suffer little or no chemical degradation at the temnerat.ir*Q nonapflteH k «T 
s m,cr<»,aw haahg process. Th. tt* must ^ £££ Z JZ 7?JZ £ 
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of thrnoS!Srj n9 eX t amP ' eS ° f tSSt reSU ' tS demonstr ate particular embodiments of this invention and some 
ofthe poss,b,e var.at.ons ,n compositions and coatings which may be adapted to varying ^consumer pXt 

In the following examples, all coating formulations were applied to a 40 lb/3000 so ft „„ mate , 
b.eached Kraft paper with a Bird app.icator and dried on a photo SL at 200 ' R u££ ZSZ SI 
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the binder used was a combination of Rhoplex B-15, an acrylate latex supplied by Rohm & Haas Company 
and Lucidene 602, a styrene/acrylic latex supplied by Morton Chemical Company and commonly used in 
aqueous printing inks.. 

In all cases the carbon black was dispersed (using a shot mill) into part or ail of the Lucidene 602 
5 binder being used in the formulation with additional water added as necessary to obtain the desired 
viscosity. After the carbon black was uniformly dispersed, it was transferred to a container equipped with a 
propeller type mixer. The remaining binder (Lucidene 602 and/or Rhoplex B-15) as well as the remaining 
components were gradually added along with additional water as needed. In each case, agitation was 
continued until a uniform mixture was obtained. The heater response of these coatings was determined by 
w placing a 4 inch by 5.5 inch sample of the coated paper with its short edges taped to a 6 inch by 6 inch 
sample of 150 lb/3000 sq. ft. paperboard in a Litton microwave oven (Model 2238, 700 watt rating). The 
sample was supported 2 inches off the bottom of the oven with a glass ring and the temperature response 
was measured with a Hughes Probeye Thermal Video System. 

75 

EXAMPLE 1 



A coating composition was prepared as described above with 65 weight percent Huber Arosperse 47 
20 carbon black, 12 weight percent Lucidene 602 and 23 weight percent Rhoplex B-15 (based on the weight of 
the binder solids). 'Paper coated with this composition was tested under the conditions described above with 
the results shown in Table I. 

TABLE I 

25 





Coat Wt. Ib/rm 


Heater Response in Degrees F. 




Total 


Active 1 


20sec 


40sec 


60sec 


90sec 


130sec 


No Load 


2.0 


1.3 


387 


ign 2 








With Load 


2.0 


1.3 


225 


279 


279 


306 


306 



1 Active ingredient, i.e. carbon black 
2 Paper substrate ignited 



35 

These tests demonstrate that it is very difficult to control the heating response with a carbon coating. 
Coat weights with as little as 2 lb/3000 sq. ft. will cause the paper to ignite in less than 40 seconds when 
exposed to microwaves with no load present. With a 200 g water load in the oven, the coating surface 
heated to only 279* -306 *F. We have observed that almost any coating of this type (carbon black or 
40 graphite + binder) capable of producing an acceptable heating response with a 200 g water load will ignite 
a paper or paperboard substrate under no load conditions. 



EXAMPLE 2 

45 

Coating compositions were made up of 64 weight percent (based on the dry weight of the solids) of 
aluminum flake marketed under the trade name Hydrolac W60 by Obron Corporation in a binder of 1 part 
Lucidene 602 and 2 parts Rhoplex B-15 by weight. Paper test sheets coated with varying amounts of the 
50 composition were tested as in Example 1 with the results shown in Table II. 
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Coat 


M. Ib/rm 


Heater Response in Degrees F. 


Total 


Active 1 


20sec 


40sec 


60sec 


90sec 


1 30sec 


No Load 

With Load 

J 


5.7 
17.5 

5.7 
17.5 


3.6 
11.2 

3.6 
11.2 


280 
ign2 
120 
333 


280 

140 
387 


280 

140 
414 


280 

140 
441 


306 

160 
468 



2 Paper substrate ignited 
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EXAMPLE 3 
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TABLE III 
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No Load 



With Load 



Coat Wt. Ib/rm 



Total Active 1 



3.9 
5.0 
6.7 

10.0 
3.9 
5.0 
6.7 

10.0 



1.9 
2.5 
3.3 
4.9 
1.9 
2.5 
3.3 
4.9 



Heater Response in Degrees F. 



20sec 



320 

387 

468 

484 

140 

180 

281 

400 



40sec 



340 
387 
468 
ign 2 
180 
220 
303 
428 



60sec 90sec 



347 
412 
441 

200 
240 
325 
428 



'Active ingredients, i.e. carbon black and aluminum, flake 
2 Paper substrate ignited 



362 
437 
441 

220 
240 
325 
456 



130sec 



362 
437 
441 

240 
240 
325 
428 
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provide a much more uniform heater than those of Examples 1 and 2. When observed with the Hughes i.R. 
video system, the entire coated surface tends to heat nearly uniformly at the same rate and to nearly the 
same temperatures. 

The data from Table III at coating weights of 3.9 (Curve A), 5.0 (Curve B), and 6.7 (Curve C) pounds per 
s ream (3000 sq. ft.) are illustrated graphically in Fig. 1, which illustrates the heating characteristics of heaters 
produced according to a preferred embodiment of this invention. 

EXAMPLE 4 



A composition was made up containing 24 weight percent carbon black (Huber, Arosperse 47), 35 
weight percent aluminum flake (Obron. Hydrolac W60) and 41 weight percent binder composed of 1 part 
Lucidene 602 and 2 parts Rhoplex B-15. Paper test sheets coated with this composition were tested as in 
is Example 1 with the results shown in Table IV. - 

TABLE IV 
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Coat Wt. Ib/rm 


Heater Response in Degrees F. 


Total 


Active 2 


20sec 


40sec 


60sec 


90sec 


130sec 


No Load 


3.5 


2.1 


437 


456 


456 


470 


500 




4.4 


2.6 


515 


ign 1 








With Load 


3.5 


2.1 


220 


280 


296 


296 


296 




4.4 


2.6 


300 


375 


406 


398 ' 


422 



1 Paper substrate ignited 

2 Active ingredients in coating, i.e. carbon black and aluminum flake 



These compositions, while performing somewhat better than those made up of only aluminum flake and 
binder (Example 2) are less desirable as heating elements than the compositions of Example 3 in that it is 
difficult to control their performance under both load and no load conditions within acceptable temperature 
limits. 



EXAMPLE 5 



40 A composition was made up of 35 weight percent carbon black (Huber Arosperse 47); 35 percent clay 
(Georgia kaolin, Premier No. 1 Grade) and 30 percent binder (Lucidene 602). Paper test sheets coated with 
this composition were tested as in Example 1 with the results reported in Table V. 

TABLE V 

45 



50 





Coat Wt. Ib/rm 


Heater Response in Degrees F. 


Total 


Active 1 


20sec 


40sec 


60sec 


90sec 


1 30sec 


No Load 


2.8 


0.98 


185 


204 


219 


234 


250 




5.0 


1.75 


428 


ign 2 








With Load 


2.8 


0.98 


159 


190 


204 


219 


234 




5.0 


1.75 


293 


347 


369 


369 


369 



1 Active ingredients in coating, i.e. carbon black 
2 Paper substrate ignited 
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Specimen 


Printing Apparatus 


Coating Weight 
lb./3000 sq ft 


M 
N 
0 


85 line screen gravure cylinder 
100 line screen gravure cylinder 
135 line screen gravure cylinder 


4.5 
4.0 
2.2 
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a finely divided inert solid temperature moderator material and 
at least one finely divided microwave reactive metallic component 

2. A microwave interactive coating composition as defined in Claim 1 

v*ere.n said binder is a water baaed latex emulsion or an acrylic latex 

grspL o* r Z^t ,aC " Ve C ° a "" 9 C ° mP05l ' i0n " < **' 5d 0lata ' » 2 - carbon ,e 

-/zrs? eompot " i ° n ?s — - -» - - ■ » ♦ — . - 

a, um i A n,t= ins rarsriT^ in owm 5 wBerw " - — — - 
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9. A microwave interactive heating element as defined in Claim 8 wherein said substrate is paper or 
paperboard, a nonwoven or a heat stable polyester film laminated on a support structure of paper or 
paperboard. 

10. A microwave interactive heating element as defined in Claim 8 or 9 comprising paper or paperboard 
coated with from about 3.26 to about 32.6 g/m 2 of a microwave interactive composition comprising from 
about 15 to about 30 weight percent carbon black, from about 15 to about 30 percent by weight aluminum 
flake, from about 10 to about 35 weight percent inert pigment and from about 30 to about 40 weight percent 
acrylic solids. 
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© Microwave interactive coating compositions and heating elements. 



© A microwave interactive coating composition and 
microwave reactive paper and paperboard heaters 
comprising the coating composition are disclosed. 
The coating compositions which comprise finely di- 
vided carbon, a finely divided microwave reactive 
metallic component, a powdered inert solid and a 
binder are capable of producing microwave reactive 
heaters comparable to those produced by vapor 
deposition of metals on a earner film. 
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